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I. INTRODUCTION
Recognizing that the risk premium varies over time, a large body of recent international finance literature makes use of conditional models. For instance, Dumas and Solnik (1995) , De Santis and Gerard (1998), Carrieri (2001) , De Santis, Gerard and Hillion (2003) and Carrieri, Errunza, and Majerbi (2005) find that the exchange risk is significant in both developed and emerging markets when they test conditional versions of the international asset-pricing model (IAPM) of Solnik (1974) , Sercu (1980) , and Adler and Dumas (1983) . This contrasts with the earlier evidence based on unconditional test that the exchange risk is not priced (e.g., Solnik (1974) , Stehle (1977) , and Korajczyk and Viallet (1989) ).
One important criticism of the results mentioned above is that they do not take into account intertemporal risk despite the mounting evidence that investment opportunities in international markets vary over time (e.g., Harvey (1991) and Ferson and Harvey (1993) ). As shown by Merton (1973) , the hypothesis of a constant investment opportunity set is restrictive because the portfolio holdings will also include hedge positions when the investor faces time-varying investment opportunities. In other words, if investment opportunities are stochastic, then the expected return on a portfolio may well differ from the riskless rate even if the portfolio is hedged against the market and exchange risks. Dumas and Solnik (1995) state that "a conditional static asset-pricing model is internally inconsistent." The authors point out that if a model is conditional, then it should also be intertemporal since investors anticipate the future variations of the instrumental variables and hedge them over their lifetime.
The goal of this paper is to investigate whether the exchange risk is priced once the intertemporal risk is taken into account. Dumas and Solnik (1995) suggest two ways to account for intertemporal risk in an international setting. The first is to use consumption-based asset-pricing models (e.g., Breeden (1979) , Lucas (1978 Lucas ( , 1982 , and Stulz (1981) ). While these models appear to be well specified theoretically, they are not suitable empirically given the measurement problems inherent in consumption data (e.g., Breeden, Gibbons, and Litzenberger (1989) ). Recent studies by Ng (2004) and Chang et al. (2005) tackle this problem by linearizing the budget constraint to substitute out consumption using Campbell's (1993) framework. The results indicate that the world market risk is the main component, while intertemporal and exchange risks are less important.
The second approach to incorporate intertemporal risk is to extend Merton's model to an international setting. We follow this second avenue. A specification allowing for purchasing power parity (PPP) deviations and for stochastic investment opportunity was developed by Adler and Prasad (1992) and used by Robotti (2001) . However, testing intertemporal IAPM models is difficult. One difficulty is to identify the state variables that represent the changing investment opportunities. According to Merton (1973, p.879) , the interest rate is an element of the opportunity set because it is important, observable, and stochastic over time. In an international setting, exchange rate risk and inflation risk arise if the purchasing power indices are stochastic. In this paper, we argue that, since the exchange rates on the major currencies are also important, observable, and stochastic over time, they could be elements of the investment opportunity set.
Another empirically important issue is that exchange risk and intertemporal risk are potentially tangled together. In fact, if the countries purchasing power indices are among the state variables describing the change in the investment opportunity set, they may command a risk premium that will also remunerate some of the exposure to intertemporal risk, in addition to exchange risk.
To solve this problem, we develop an orthogonalization approach that consists in conditionally purging the exchange risk factors from their common co-variations with the market and intertemporal hedge factors. The resulting exchange factors can be interpreted as pure currency risks. With this conditional orthogonalization approach, we investigate whether investors require a premium to bear the exchange risk once they are fully compensated for their market and intertemporal risks exposure. We find that the exchange risk is indeed an important component of risk premium in addition to the market and intertemporal risks. We also find that intertemporal risk, as proxied by the returns on long-term bonds, is priced. We therefore conclude that both the exchange and intertemporal risks must be taken into account to properly price assets in integrated international markets.
The remainder of the study is structured as follows. The next section (Section II) lays out the model. Section III describes the data, presents some descriptive statistics, and outlines the methodology. Section IV discusses the empirical results. Some concluding remarks are offered in Section V.
II. THE MODEL
To investigate the role of the exchange risk beyond the intertemporal risk, we derive an intertemporal IAPM (I-IAPM) that contains both sources of risk. The intertemporal IAPM is derived in a framework similar to Adler and Prasad (1992) and Robotti (2001) and extends the classical IAPMs through the pricing intertemporal risk:
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where i r is the instantaneous return on asset i in excess of the instantaneous interest rate on a domestic nominally riskless short-term bond, It follows from equation (1) that the inflation premia in the IAPM can be interpreted as exclusive remuneration for the exposure to PPP deviations only if the investment opportunity set is constant. If the price indices are additional elements of state variables that describe the changes in the investment opportunity set, then the inflation premiums would be additional components of the intertemporal hedging premiums and equation (1) would be the extension of Merton's (1973) ICAPM to an international setup that would inherently accommodate PPP deviations. This shows why the exchange risk can potentially be interpreted as an intertemporal risk (if the stochastic inflation describes the changes in the investment opportunity set) and might also explain why the horse race results reported in Dumas and Solnik (1995) between the ICAPM and the IAPM is inconclusive. Below, we describe the conditional orthogonalization approach used to disentangle foreign exchange risk from intertemporal risk.
III. DATA AND METHODOLOGY

A. The data
We use monthly data on the Morgan Stanley Capital International (MSCI) world market index, the G4 (Germany, Japan, the United Kingdom, and the United States) market and bond indices over the period from January 1973 to December 2003 (372 observations). Because we are dealing with the developed markets, we assume that the local inflation rates are non-stochastic, so that the 1 L + inflation factors collapse into L exchange risk factors. Merton (1973, p.789) suggests that interest rates can capture changes in investment opportunities. Following Turtle et al. (1994) , Scruggs (1998), and Gerard and Wu (2004) , we use the excess return on the long-term bond as a proxy for the intertemporal risk of each country. Table I shows that the covariances between the exchange rates and the market and bond factors are always significant, which motivates the conditional approach that we detail next.
B. Orthogonalization of the Factors
In order to disentangle the role of the exchange risk from its potential interaction with the intertemporal risk, we propose a conditional orthogonalization approach based on managed portfolios. As opposed to the unconditional orthogonalization, the conditional orthogonalization not only purges a variable from its common covariation with other factors, but also from its common covariation with the cross-products between the factors and the lagged instruments.
For the sake of illustration of the method, we discuss the orthogonalization of the first of the long-term bond factors +1 bt r with respect to the world market factor +1 mt r . This is done by running the following dynamic regression:
where φ δ This procedure amounts to allowing that an investor dynamically hedge the bond exposure to market risk using information in Z rather than passively buy and hold the market.
Specifically, the vector φ 0 b t represents portfolio loadings on lagged predictive variables Z for the long-term bond return, while φ bmt are portfolio loadings for a managed portfolio that consists on investing in the market according to the value of t Z . 4 To see how the conditional orthogonalization will impact the price of market risk, assume that the following restricted version of (1) Since there are many ways to construct the orthogonal system, a criterion to determine the order of priority to enter the system is needed. We proceed as follows: first, we set the market 3 Note that the conditional covariance between the return on asset i and the return on the bond hedged against market risk is equal to the conditional covariance between the return on asset i and the innovation +1 bt u , i.e.
Cov r r Cov r u
. This covariance measures intertemporal risk purged from market risk, which is also the exposure of asset i to the innovation in the state variable.
factor as the first variable in the orthogonal system, and let this variable unaltered. Since we are interested in investigating the importance of the exchange risk beyond intertemporal risk, we conditionally orthogonalize the four long-term bond factors and then introduce them in the orthogonal system. We then add the three exchange factors, which are orthogonalized with respect to both the market and long-term bond factors.
Furthermore, to determine the order of priority among the bond factors, we project each bond return on the world market and the remaining three other bond factors. We rank the bonds from the lowest R 2 . The bond least explained by the word market and the other bonds is next in the orthogonal system, and so on. We follow the same approach to determine the order in which the exchange rates enter the orthogonal system. Each exchange rate is regressed on the world, bond, and other exchange rate series with the least spanned exchange rate taken first. With this criterion, the world market factor is the first variable to enter the orthogonal system, followed by the US, Japanese, the UK, and German bond factors, followed by the British pound, the Japanese yen, and the German mark.
C. Non-Normality of Returns
In Table I , the Jarque-Bera test points toward a rejection of the null of normality of returns. This is an indication that a nonlinear risk-return relationship may be holding. 5 According to Harvey and Siddique (2000) and Guedhami and Sy (2005) , a negative price of market risk can be inferred 5 This, however, falls well beyond the scope of the present study, which focuses on disentangling the exchange risk from the intertemporal risk. See, e.g., Errunza and Sy (2005) 
E. The GLS System
Given the generality of the intertemporal IAPM, robustness is an issue. Therefore, we use a generalized least squares (GLS) system. The main advantage of using GLS is that it allows flexible estimations, robust estimates, and the retrieving of the various systematic components of risk premiums. Furthermore, the GLS' loss function that is minimized is the sum of the squared pricing error weighted by the relative noise. This is arguably an interesting loss function from an economic perspective.
We derive the econometric system following Harvey (1989) . We linearly filter the first moments of the asset's returns as follows:
where the v 's are the (zero-conditional mean) forecasting errors for the various premiums, and the δ 's and ρ 's are time-invariant weighting vectors used by investors to derive the expected excess returns.
With the forecasting errors defined in equation (4), and without assuming a particular functional form, the conditional covariance terms in the intertemporal IAPM ensue naturally as the expected values of the product between these errors and the factors. Further, the linearity property of the expectation operator yields the following restriction of the intertemporal IAPM:
where the term in square brackets can be seen as the prediction error of the model.
We estimate the parameters using the excess returns on twelve key assets ( 1...12 i = ): the world market index, the market indexes of the four countries, the long-term bonds of the four countries, and the three exchange rates. We then stack the forecasting and prediction errors into the following system:
and estimate the parameters by minimizing the following quadratic form: 
IV. EMPIRICAL RESULTS
A. The GLS Estimation of the Intertemporal IAPM
The system of equations (6) is estimated by GLS with and without conditional orthogonalization of the factors as well as with and without October 1987. Table II answers our central question as of whether exchange risk is priced beyond intertemporal risk. Our main finding is that exchange risk is priced, even after conditionally orthogonalizing exchange rate to the market and all the bond factors. Further, the fact that the magnitude of the prices of currency risk is unchanged after orthogonalization provides support to the idea that the exchange risk is driven by the purchasing power risk, and it does not subsume intertemporal risk. More specifically, the estimated price of conditional covariance with the yen exchange rate is always positive and statistically significant while the price of pound covariance is always negative and highly significant. In contrast, the 8 The GLS estimation can be seen as a tradeoff between the robustness of the OLS and the efficiency of the GMM; see Cochrane (2001, sections 10.2 and 11.5) for the discussion of this issue. See also Pindyck and Rubinfeld (1981, p.331-333) for a detailed discussion of SUR effects.
DEM risk is not priced after orthogonalization. This is not surprising as the exposure to the DEM risk is measured by the covariance of an asset return with the DEM's component which is orthogonal to the market, all the bonds, and all the other pure currency risks. The exclusion of the October 1987 crash does not affect any of these results.
INSERT TABLE II ABOUT HERE
The prices of intertemporal risk are highly significant in all cases. Nonetheless, their magnitude is substantially smaller as compared to those of the currency risks. This entails that for a given amount of risk, the premium required by investors to bear currency risk is larger than the premium investors require to bear intertemporal risk. Moreover, unlike the prices of foreign exchange risk, the magnitudes of the prices of intertemporal risk are sensibly affected by the orthogonalization procedure, suggesting that the bond factors capture some of the market risk.
We do not impose a positivity constraint on the market price of risk. On the full sample, the IIAPM yields a negative and significant price of global market risk of -0.24 (t-statistic = -5.05).
When we use orthogonalized factors the magnitude and significance of the world price of market risk is substantially reduced to -0.14 (t-statistic = -2.25). These results show that the size and sign of the price of world market risk is affected by the common covariation with the factors. More importantly, consistent with the evidence in Harvey and Siddique (2000) and Guedhami and Sy (2005) , we find that the negative price of market risk is mainly driven by October 1987, since the average price of market risk becomes positive and statistically significant (0.14; t-statistic = 3.02) when this month of market crash is trimmed from the estimation. This result is robust to system estimation using orthogonalized factors.
INSERT TABLE III ABOUT HERE
As reported in Table III , we formally reject the restrictions implied by the nested assetpricing models (the CAPM, the IAPM, and the ICAPM). These models are rejected because either they ignore the exchange risk (the ICAPM) or the intertemporal risk (the classical IAPM), or both (the CAPM) in the intertemporal IAPM. Our results also confirm the restrictive nature of the static-price-of-risk models since we usually reject the null hypothesis of the invariance of the prices of risk.
We noted that that exchange rate might represent intertemporal risk to some extent. It turns out that although the foreign exchange rates capture some of the intertemporal risk in addition to PPP deviations in the IAPM, they seem to be poor proxies for the changes in the investment opportunity set. When more suitable proxies for the changes in the investment opportunity set, namely the long-term bonds, are introduced in a model that fully allows for both currency and intertemporal risk, we find that the exchange risk to be related to PPP deviations rather than to the stochasticity of investment opportunities. Table IV shows the goodness-of-fit of the intertemporal IAPM and the various nested special cases. The statistic reported is the pseudo adjusted R 2 s for each of the twelve assets to be explained in system (6). This measure of fit is obtained by computing the ratio between the explained sum of squares and the total sum of squares from the intertemporal IAPM or its nested special cases. The term pseudo refers to the fact that the estimates are from the full system. For the CAPM and the IAPM, the adjusted R 2 s can be compared with the figures reported in the Panel C of A further insight into the contribution of each component to the total premium is in Table V. This table presents a decomposition of the variance of world market, local market, exchange rate, and long-term government bond premiums into seven systematic components (one world market risk, three exchange risk, and four intertemporal risk premia) and reports the variance of each component in proportion of the sum of the components' variances. The bottom panel (Panel M) of Table V reports the relative importance of each component across the twelve assets.
B. The Goodness-of-Fit and Variance Decomposition
Across the twelve assets, the combined explanatory power of the three exchange risk factors is more than one third of the total variation providing evidence of the economic importance of the exchange risk. In addition, the total variation accounted by the foreign exchange risk is substantially unaffected by the orthogonalization as previously observed for the prices of currency risk. This shows that, to the extent that the proxies chosen to represent the investment opportunity state variables are suitable, currency risk is statistically and economically important beyond intertemporal risk.
INSERT TABLE V ABOUT HERE
The importance of the market factor, regardless of the inclusion of the 1987 crash, increases for all assets when conditionally orthogonal factors are used as opposed to raw factors. The increase is more than eightfold on average. For instance, for the US market the percentage of variance accounted for by the global market increases from 4.67%, without orthogonalization, to 33.81%, when conditionally orthogonal factors are used. Conversely, the total premium variation across assets explained jointly by all the bonds decreases dramatically after orthogonalization.
This suggests that the importance of bond premiums in the un-orthogonalized system could be gained at the expense of the market premium. This also shows that to correctly assess the exposure and reward to the global market risk, it is crucial to use bond factors dynamically hedged against market risk. Including the return on a bond exposed to market risk will result in misleadingtypically much lower-estimates of the market importance.
V. CONCLUSION
This paper investigates whether exchange risk is priced after market and intertemporal risks are fully taken into account. In other words, we ask whether, in addition to the global market risk and intertemporal risk premiums, investors require a premium to bear exchange rate risk. For that purpose we test a generalization of Adler and Dumas (1983) model allowing the investment opportunity set to change stochastically as in Adler and Prasad (1992) and Robotti (2001) . We use the covariance with long term bond returns as proxy for the intertemporal risk.
One methodological contribution of this paper is to propose a conditional orthogonalization procedure. We argue that in a conditional setting also orthogonalization should be conditional, as investors dynamically hedge using all the information available at each time. Using this novel approach, we show that:
• Pure exchange risk is priced and it is important statistically and economically. The magnitude of the prices of currency risk is also unchanged after conditional orthogonalization, which provides support to the conjecture that purchasing power risk is not only priced but does not subsume intertemporal risk.
• The prices of intertemporal risk are highly significant in all cases, but their economic importance is smaller as compared to those of the currency risks. Nonetheless, the omission of the intertemporal risk factor might be an important misspecification as it may induce inaccurate estimates of prices of currency risk.
• We find that the size and sign of the price of world market risk is affected by the common covariation with the bond factors and the presence of outliers such as October 1987. To correctly assess the exposure and reward to global market it is crucial to include orthogonalized bond factors.
In summary, we conclude that exchange and intertemporal risks are two important dimensions of investment that must be taken into account to properly price assets in integrated international markets. This table reports summary descriptive statistics for the world, four local markets, three exchange rates, and four long-term bond indexes. All returns are reported as a percentage per month in US dollars. All returns are reported in excess of the three-month US Treasury Bill. The sample covers the period January 1973 to December 2003 (372 observations). Two and one asterisks denote statistical significance at the 1 and 5 percent levels, respectively. The line labeled "B-J" shows Bera-Jarque's χ 2 statistic for the test of normality while "F-value" reports the Fisher test of predictability of the index excess return from the instruments and the lagged index excess return. The instruments used to forecast excess returns (a constant, JAN, FED, DIV, DEF, and TERM) are described in the data section. 
where i r is the excess return on twelve key assets: the world market index, the market and long-term bonds indexes of the four countries (the US, Japan, the UK, and Germany), and the three exchange rates (the British pound, the Japanese Yen, and the Deutsche Mark). The terms m r , e r , and b r , stand for the world market, the exchange rate, and long-term bond factors; we run the system with and without orthogonalizing these factors. Finally, Z contain our six instruments (see Section III.A), of which the subset Q contains a constant and the default and term premiums. For each price of risk, we report the mean value with the t-statistic that it is equal to zero (in parentheses below), This table reports the goodness-of-fit from the estimation of the intertemporal IAPM (I-IAPM) as well as the nested models (the IAPM, the ICAPM, and the CAPM). The statistic reported is the "pseudo" adjusted R 2 s for each of the twelve assets to be explained in system (6), which is obtained by computing the ratio between the explained sum of squares and the total sum of squares. The assets are the excess return on the world market index, the market and long-term bonds indexes of the four countries (the US, Japan, the UK, and Germany), and the three exchange rates (the British pound, the Japanese Yen, and the Deutsche Mark). The sample is from January 1973 to December 2003.
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